Since the report of Regoli et al. (1962) , it has become widely accepted that different mechanisms may be involved in the two types of renal hypertension, both of which are produced by constriction of one renal artery, either with an intact contralateral kidney or with contralateral nephrectomy. Recent observations, using several blockades of renin-angiotensin system, also indicate that renin angiotensin system participates differently in these two types of renal hypertension (Brunner et al. 1971 ; Krieger et al. 1971; Bumpus et al. 1973 ; Romero et al. 1974) . But, exact mechanisms of initiation of high blood pressure in early stage and its maintenance in chronic stage after clipping of one renal artery have not been clarified.
In our previous experiments (Kurihara et al. 1973 ), high plasma renin activity and hematocrit were observed in hypertensive rabbits, produced by clipping of a renal artery with an opposite kidney being intact, but not in others with an opposite kidney removed. These results promoted us to see whether there is a difference or not in plasma volume to affect plasma renin and hematocrit between these two types of renal hypertension. Plasma volume in experimental renal hypertension has already been determined by several authors (Ledingham and Cohen 1964; Gross et al. 1972; Bianchi et al. 1970 Bianchi et al. , 1972 ), but little is known about the difference in changes of plasma volume in acute and chronic stages between the two types of renal hypertension. In the present study, blood pressure, plasma renin concentration, plasma so dium, potassium, hematocrit, plasma volume, blood volume, and packed cell volume were determined in two types of hypertensive rabbits until 12 weeks after clipping of a renal artery and examined the role of plasma volume in these hypertensive states. 
MATERIALS AND METHODS

RESULTS
Blood pressure, body weight, plasma renin concentration, plasma sodium, potassium and urea nitrogen concentration
The results obtained during the course of the present observations until 12 weeks after clipping of one renal artery in rabbits with an intact opposite kidney (Group A) and in those with the opposite one removed (Group B) are tabulated in Table 1 , including the results in rabbits with one renal artery sham-operated and the opposite one being intact (Group C). Significant differences in changes of these values after clipping or sham operation in each group are seen in the same TABLE 1. Blood pressure, body weight, plasma renin concentration (PRC), and plasma sodium (Na), potassium (K) and urea-nitrogen (U-N) concentrations before and after clipping of one renal artery in rabbits with an intact opposite kidney (Group A), in those with the opposite one removed (Group B), and before and after a sham operation on a renal arteru in rabbits with an intact opposite kidney (Group C). TALELE 2. p values showing statistically significant levels of differences in each parameter between the groups of rabbits, presented in Table 1 ns, not significant.
table, and significant differences in each value between three groups are presented in Table 2 . In rabbits of Group B, before clipping of the left renal artery 4 weeks after removal of the right kidney, blood pressure, body weight, plasma urea nitrogen were slightly increased more than those in rabbits of the other two groups (Table 2) . However, in the present experiment, a significant elevation of blood pressure was produced after clipping of one renal artery in rabbits of both Groups of A and B, with no difference in the levels of elevated blood pressure (Tables 1 and 2 , Fig. 1 ).
Body weight in rabbits of Group A was decreased 1 week after clipping of a renal artery, but in Groups B and C, it remained unchanged 1 week after clipping or sham operation (Table 1) .
A marked difference in plasma renin concentration was observed between Groups A and B. After clipping of a renal artery , PRC was increased in Group A, while it was rather decreased in Group B (Table 1 and Fig . 1 ). The difference in PRC between Groups A and B was highly significant during the whole course of observations after clipping ( Table 2 ). As seen in Fig . 2 , a significant correlation between PRC and the rise of blood pressure was found in rabbits of Group A 4 weeks (r=0.676, p<0.01) and 12 weeks (r=0.602, p<0,01) after clipping of a renal artery.
Different changes of plasma sodium and potassium concentrations were also observed between Groups A and B. In Group A , Na was increased and K was decreased significantly, 1 and 4 weeks after clipping (Table 1 ) . As seen in Table  2 , a decreased K in Group A was also significant , when compared with those in Groups B and C. A urea nitrogen in Group B was slightly but significantly more increased than that in Groups A and C during the experiments including those before clipping. However, from the observed values of U-N in Group B , it would be unnecessary to assume the presence of progressive renal failure in rabbits of this group.
Venous hematocrit, plasma volume, blood volume and packed cell volume
Changes of venous hematocrit in rabbits of Group A contrasted with those in rabbits of Groups B and C. Ht in Group A started to increase 1 week after clipping of a renal artery, and was significantly high 4 and 12 weeks after clipping (Table 2 and Fig. 3 ). On the other hand, before clipping of a renal artery in Group B, Ht was higher than those in the other groups, but it was decreased Table 3 ns, not significant.
significantly 1 and 12 weeks after clipping. Differences in changes of Ht between Groups A and B were significant during the whole course of observation after clipping (Table 4 ). In rabbits of Group C, Ht was also decreased 1 week after the sham operation, but later returned to the preoperative level. Before clipping of a renal artery, plasma volume in Group B was lower than those in the other two groups. After clipping of a renal artery, PV in Group B was increased significantly after 1 week and returned to the initial value after 12 weeks, as illustrated in Fig. 3 . A significant inverse correlation (r=0.699, p< 0.01) was found between PV and Ht 1 week after clipping. A similar pattern in changes of PV was also observed in a less degree in control rabbits of Group C. On the other hand, in Group A, an increase of PV was not observed 1 week after clipp ing, and PV was rather decreased later. Difference in percent changes of PV between Groups A and B was significant 1 and 4 weeks after clipping (p<0.05) (Table 4) . In Group A, a significant inverse correlation (r=0.681, p<0.01) between the changes of PV and the rise of blood pressure was found 4 weeks after clipping as seen in Fig. 4 , but such a relation was not observed in the other two groups. It was also found in Group A that there was a significant inverse correla tion (r=0.706, p<0.01) between the changes of PV and PRC 4 weeks after clipping (Fig. 5) . Blood volume was also increased in Group B 1 and 4 weeks after clipping of a renal artery and 1 week after the sham operation, in Group C , as seen in Table 3 and Fig. 3 , but the differences in percent changes of BV during the experiments between these three groups were not significant (Table 4) .
Packed cell volume in Group A tended to increase after clipping of a renal artery, while that in Group B was rather decreased 12 weeks after clipping (Table  3 , Fig. 3) . Difference of the changes in PCV between Groups A and B was significant 12 weeks after clipping (Table 4) . At the same time, significant correlations were found between PCV and Ht in both Group A (r=0.721, p<0.01) and Group B (r=0.685, p<0.01). Thus, in Groups A and B, the changes of PCV with no significant changes of PV and BV accompanied the changes of Ht 12 weeks after clipping.
DISCUSSION
The present study showed that, in hypertensive rabbits produced by constriction of one renal artery, there was a significant difference in plasma renin concentration between the rabbits with an intact opposite kidney and those with an opposite one removed, as observed in the previous experiment (Kurihara et al. ) observed renin release to increase transiently during the first few hours after the constriction of the remaining renal artery, and soon to return to normal within a day. In the present study, PRC was not measured until 1 week after clipping of a renal artery. Therefore, there is no reason to exclude the possibility that, even in uninephrec tomized animals, a transient increase of renin release was seen indeed after the constriction of one renal artery and this increased renin could be a cause of the initial rise of blood pressure. However, there seems little doubt in that the partici pation of renin-angiotensin system in the mechanism to sustain hypertension in animals with one renal artery constricted, might differ depending on the presence or absence of an intact opposite kidney, as shown in this experiment.
In this situation, it seems to be noteworthy that an increased hematocrit was observed only in unilateral renal hypertensive animals with an intact opposite kidney, but not in those with an opposite one removed (Gross et al. 1972; Fujii et al. 1973; Kurihara et al. 1973) , which was confirmed in the present study. The results obtained here also show that there are differences in changes of plasma volume, blood volume, and packed cell volume between these two types of renal hypertensive rabbits during the course of the elevation of blood pressure.
An increase of venous hematocrit could be induced by many factors, such as a reduction of plasma volume, a decreased ratio of body hematocrit to venous hematocrit or an increased packed cell volume. In this study, PV was determined by Evans Blue method, and BV and PCV were estimated from PV and a cor rected body hematocrit, as reported by Armin et al. (1952) . According to Zizza and Reeve (1958) , the PV, measured by Evans Blue method in rabbits, was over-estimated 1.09 times, when compared with the value obtained with album in labeled with 131I, probably owing to the faster loss rate of Evans Blue from circulating plasma in rabbits, and the less strong binding of Evans Blue to plasma albumin of rabbits than those of human. Therefore, the plasma volume presented here might be necessary to be evaluated with some limitation to indicate the precise one in rabbits. Nevertheless, the percent changes of PV to the initial value in each rabbit could be compared between the groups of the rabbits. Similar considerations might be necessary to evaluate BV and PCV. In addition, the packed cell volume was not measured by the marked cell method in this study, and the assumption that a ratio of body hematocrit to venous hematocrit was constant during the course of this experiments remained to be justified. In this experiment, PV in uninephrectomized rabbits before clipping of the remaining renal artery was slightly lower than that in rabbits of the other groups. This difference might be due to the increased body weight in uninephre ctomized rabbits by the growth during 4 weeks after nephrectomy until clipping of the remaining renal artery. However, in uninephrectomized hypertensive rabbits , P V was increased significantly 1 week after clipping of the remaining renal artery , and then returned to the initial level before clipping. The results obtained here are in good agreement with the findings by Ledingham and Cohen (1964) On the other hand, in hypertensive rabbits with an intact opposite kidney , PV was rather decreased 4 weeks after clipping of the renal artery . According to Bianchi et al. (1972) , the constriction of the renal artery in dogs , leaving the opposite kidney intact, caused an increase of PV after 24 hr , and a few days later, body fluid returned to normal as observed in uninephrectomized dogs after renal artery constriction, and the changes were attenuated in the presence of the intact contralateral kidney. But, they did not study the changes of PV after 14 days . The results obtained here demonstrated that there was an obvious inverse correla tion between PV and the rise of blood pressure 4 weeks after clipping of one renal artery, when the opposite kidney was left intact .
Several mechanisms have been postulated when a decrease in PV was observed in hypertensive states . PV could be decreased by constriction of the vascular bed , resulting in movement of fluid into the extravascular space , and an increased h ematocrit. An increase in arteriolar and capillary permeability to albumin due to the high intraarterial pressure was also considered to be a cause of the reduction in PV in hypertensive subjects (Parving and Gyntelberg 1973) . The vasopressor agents, such as norepinephrine , when injected in moderate doses, have been shown to decrease PV (Finnerty et al . 1958; Cohn 1966) . Even though angiotensin was not shown to decrease PV by Cohn (1966) , the possibility still remains that an increased plasma renin concentration , observed in a hypertensive rabbit with an intact opposite kidney, could produce the vasoconstriction or the increased vascu lar permeability, resulting in a decreased PV and an increased Ht .
Another possibility to explain the different changes of PV in renal hypertensive animals might be the difference in sodium balance depending on the presence or absence of the intact opposite kidney. The sodium balance was not studied here, but Tobian et al. (1969) showed that hypertensive rats with a renal artery constric tion, and an opposite kidney removed, had 10% more exchangeable sodium than those with an intact opposite kidney. It was also reported by Brunner (1970) that sodium turn-over was increased in renal hypertensive rats with an intact opposite kidney, when compared with those with the opposite one removed . The excretion of sodium from the kidney depends on the perfusion pressure, and a clipped kidney tends to retain sodium owing to the low perfusion pressure (Blake et al. 1950) . When an opposite kidney was left intact, this retained sodium could be eliminated through the intact kidney, and the excretion of sodium would be increased by the rise of perfusion pressure, resulting in decreased PV, as pointed out by Gross et al. (1972) . The renin release from the clipped kidney would be further stimulated in this condition. It was also known that an increase in urine flow and in excretion of sodium could be caused by the direct renal action of angiotensin (Akinkugbe et al. 1966 ). Thus, an inverse correlation between plasma volume and the rise of blood pressure, and between plasma volume and plasma renin concentration might be observed together with a positive correlation between plasma renin concentration and the rise of blood pressure as observed here. The presence of hypopotassemia (Fujii and Yazaki 1972) in renal hypertensive rabbits with an intact opposite kidney, which was confirmed here, suggests that renin-angiotensin-aldosterone system might be stimulated under this condition. On the other hand, when an opposite kidney was removed, sodium might be retained after clipping of the remaining renal artery, and perfusion pressure of the clipped kidney would be increased to eliminate the sodium, until a new equilibrium in sodium balance was established and the plasma volume tends to return to the initial level in the late stage. Release of renin from the clipped sole kidney would be suppressed through the intrarenal mechanisms connected to the state of the sodium excretion from the clipped kidney. A low hematocrit observed in the early stage in hypertensive rabbits with an opposite kidney removed might be mainly reflected by the increased PV due to sodium retention.
In hypertensive rabbits with an intact opposite kidney, an increase of packed cell volume was estimated after one renal artery clipping, under the assumption of a constant ratio of body hematocrit to venous hematocrit during the present experiment. Further studies are necessary to measure PCV by the marked red cell method in renal hypertension. In this respect, it is interesting that Takaku et al. (1962) observed the increased erythropoietin in rats with a constricted renal artery and an intact opposite kidney. In hypertensive rabbits, 12 weeks after clipping of a renal artery, when there are no significant changes in plasma volume, it is not unlikely that a high hematocrit, observed in the presence of an intact opposite kidney, might be mainly due to the increased packed cell volume, and that a low 
